Abstract Poly(trimethylene terephthalate-block-tetramethylene oxide) (PTT-PTMO)/polyhedral oligomeric silsesquioxane (POSS) nanocomposites, synthesized by in situ polymerization, are characterized in detail in terms of interfacial interactions between functional groups on the surface of POSS and polymer chains. The impact of POSS incorporation on the molecular mobility is investigated by means of dielectric spectroscopy. It is found that PTT-PTMO/POSS nanocomposites exhibit higher values of stress at strain of 100% that in comparison with neat PTT-PTMO might result from the influence of POSS particles on the molecular mobility of polymer chains, which is probably due to the interfacial interactions between functional groups on the surface of POSS particles with the polymer matrix. Moreover, it is found that there is no variation of the segmental relaxation for the nanocomposite investigated and there is an increase in the interfacial polarization induced by the presence of POSS as seen in the increment of the real part of the dielectric permittivity.
Introduction
Polyhedral oligomeric silsesquioxane (POSS) is a nanostructured chemical that bridges the gap between ceramic and organic materials, since it consists of both organic and inorganic matter with an inner core of inorganic silicon and oxygen and an outer layer of organic constituents, which could be either polar or nonpolar [1] . POSS technology is derived from a continually evolving class of compounds closely related to silicones through both composition and a shared system of nomenclature. POSS chemical technology has two unique features; first of all, the chemical composition is a hybrid, intermediate (RSiO 1.5 ) between that of silica (SiO 2 ) and silicone (R 2 SiO), where R may be a hydrogen atom or an organic functional group, e.g., alkyl, alkylene, acrylate, hydroxyl, or epoxide unit [2] [3] [4] [5] . In addition, second, POSS molecules are physically large with respect to polymer dimensions and nearly equivalent in size to most polymer segments and coils. POSS chemical technology is easy to use and available in both liquid and solid form. POSS nanostructures exhibit diameters in the range 1-3 nm and, hence, may be considered as the smallest existing silica particles [2] . However, unlike silica or modified clays, each POSS molecule contains covalently bonded reactive functionalities suitable for polymerization or grafting POSS monomers to polymer chains. Each POSS molecule contains nonreactive organic functionalities for solubility and compatibility of the POSS segments with the various polymer systems. One classified POSS particles as having a zero-dimensionality; however, the ability to create higher dimensionality (1, 2, or 3D scaffolds) through aggregation or crystallization of the POSS particles within the polymer matrix has been reported [6] . This chemical diversity of POSS technology is very broad and a large number of POSS monomers and polymers are currently available and under development. Enhancements in the physical properties of nanocomposites containing POSS segments result from POSS's ability to control the motions of the chains while still maintaining the processability and mechanical properties of the base resin. This is a direct result of POSS's nanoscopic size and its relationship to polymer dimensions. Nonetheless, POSS improves product performance (reduces the flammability, heat discharge, and viscosity of the polymer [7] [8] [9] [10] ) while retaining its lightweight and ductile features, without sacrificing mechanical properties (may cause an increase of strength, modulus, rigidity) and is used in a wide variety of applications, e.g., drug delivery, polymer electrolytes, thermoplastic, and thermosetting polymers [11] [12] [13] [14] . However, the properties of polymer nanocomposites containing POSS nanostructures depend on the successful incorporation of POSS particles in polymer matrices. Thus, two approaches have been adopted to incorporate POSS particles into polymer matrices: (1) chemical cross-linking [2, 15] and (2) physical blending [1] . First approach depends on the covalent bonding between POSS nanoparticles and polymer matrix. Whereas, in the second approach, POSS nanoparticles are physically blended with polymer by melt mixing or solvent casting methods. The cause of success of physical blending lies in the compatibility of POSS particles with the polymers [1, 16, 17] . Interfacial interactions between POSS nanostructures and polymer matrix are mediated by ligands, which are attached to the nanoparticles, and hence, ligands play a key role in affecting the particle behavior and spatial distribution [18] . One can achieve the surface functionalization of nanoparticles by attaching small functional molecules and polymers either covalently [18] or by physical adsorption [19, 20] . However, there are still a number of key challenges encountered in preparing polymer nanocomposites containing POSS particles, some of which include long-range equilibration time, aggregation of nanoparticles, and expensive large-scale production [18, 21] . Moreover, the control of location and nanostructure of nanoparticles in polymer nanocomposites remain open challenges. As a result, two processing technique shave been developed to incorporate nanoparticles into polymer matrices either by in situ polymerization or by physical blending (e.g., melt mixing) [1] .
Thermoplastic elastomers (TPEs) are the multi-phase polymer materials or polymer blends that in the wide range of temperatures exhibit properties characteristic for rubber. Due to their flexibility, one can stretch them repeatedly at room temperature to at least double of their original length and then to return to their approximate original length when stress is released. TPEs can be obtained by copolymerizing two or more monomers, using either block or graft polymerization techniques [22] . Structural differences of monomers usually cause separation of flexible (a continuous soft phase with a low glass transition temperature) and rigid (a dispersed hard phase with a high melting temperature) segments into two phases (domains) [22, 23] . One of the monomers provides hard, or crystalline, polymer segment that works as a thermally stable component, whereas the other monomer forms the soft, or amorphous segment, which contributes the elastomeric or rubbery characteristic [22] . Properties of these materials can be controlled by varying the ratio of the monomers and the length of the hard and soft segments. The way how these materials are prepared is of great importance, since block techniques create long-chain molecules that have various or alternating hard and soft segments while the graft polymerization methods involve attaching one polymer chain to another as a branch [22] . The best example of a thermoplastic polyester elastomer is Hytrel Ò made by DuPont. Hytrel Ò offers a unique combination of mechanical, physical and chemical properties that qualifies it for demanding applications. This type of material is used in a wide ranges of applications include seals, belts, bushings, gears, protective boots, hose, and springs [24] . Moreover, TPEs have been widely used for various applications in automotive parts, electrical and medical industries and packaging because of their outstanding endurance, low density and relatively low manufacturing cost [25] . Notwithstanding, TPEs materials can be based on different polyesters and polyethers. The example of that kind of materials is multiblock poly(ether-ester) (PEE) based on poly(butylene terephthalate) (PBT) as rigid segments and poly(tetramethylene oxide) (PTMO) as flexible ones [26, 27] . In the last several years, a family of thermoplastic polyester elastomers based on poly(trimethylene terephthalate), i.e., poly(trimethylene terephthalate-block-tetramethylene oxide) (PTT-PTMO), has been studied [28] . This material exhibits excellent thermoplastic elastomer properties, such as a low glass transition temperature, high melting point, and a temperature-independent rubbery plateau [28] . However, more recently, it was found that the properties of PTT-PTMO can be further improved by the addition of either inorganic particles like montmorillonite (MMT) [29] , POSS [23] , silicon carbide nanofibers (SiC) [30] or organic nanofillers such as single-walled carbon nanotubes (SWCNT) [31] , graphene oxide [32] or even a hybrid system of nanofillers like SWCNT and graphene nanoplatelets (GNP) [33, 34] . However, it was found that at the same concentration, carbon nanofillers (like SWCNT or GNP) affect the polymer matrix in stronger manner [35] .
This work is a continuation of the study on the new thermoplastic elastomers based on PTT-PTMO containing POSS nanoparticles prepared by in situ polymerization for improved mechanical and thermal properties. In addition, the neat PTT-PTMO copolymer and the PTT-PTMO-based nanocomposite with the highest content of POSS nanoparticles, i.e., 1.0 wt%, have been analyzed by dielectric spectroscopy to estimate the influence of POSS particles on the morphology of the polymer matrix.
Experimental section Materials
Nanocomposites were synthesized by melt transesterification and subsequently polycondensation as follows according to the procedure described previously in [23] . The following substrates were used to prepare the nanocomposites: dimethyl terephthalate (DMT, Sigma-Aldrich), poly(tetramethylene oxide) glycol with molecular weight of 1000 g/mol (PTMG, Terathane 1000, DuPont, USA), 1,3-propanediol (PDO, Susterra Ò Propanediol, DuPont Tate&Lyle, USA), tetrabutyl orthotitanate (TBT, Fluka) as the catalyst in transesterification and polycondensation and Irganox 1010 (Ciba-Geigy, Switzerland) as thermal antioxidant. In brief, the transesterification reaction between DMT and PDO (or the mixture of POSS/ PDO in the case of nanocomposites) was carried out under a constant flow of nitrogen at temperature of 160-190°C for ca. 2.5 h in the presence of first portion of catalyst. During this step, methanol was distilled and collected as a by-product. The conversion of the transesterification reaction was calculated by monitoring the amount of effluent by-product. When the distillation of methanol has been ceasing, the reaction was completed and the temperature was gradually increased to up 220°C. Then, the PTMG and thermal antioxidant along with the second catalyst were introduced to the reactor. The reaction temperature was increased up to 250°C. Vacuum was applied gradually and the final pressure was lower than 25 Pa. The stirring torque change was monitored to estimate the melt viscosity of the product at temperature of 250°C. The process was found to be finished when the reaction mixture reached the same value of melt viscosity, which was estimated by monitoring the stirring torque. POSS particles were provided by Center for Advanced Technologies obtained according to a sequential methodology presented in [23, [36] [37] [38] [39] and with the size published already in [40] . The obtained nanocomposites were based on the block copolymer containing 50 wt% of PTT rigid segments and 50 wt% of PTMO flexible segments.
Sample preparation
The dumbbell-shaped samples (ISO 37 modified type 3 with enlarged gripping part) for tensile tests were obtained using a Boy 15 (Dr BOY GmbH&Co., Germany) injection moulding machine with the following parameters: injection pressure 55 MPa, melt temperature 225°C, mould temperature 30°C, holding down pressure of 20 MPa for 15 s, and cooling time 10 s. Films for dielectric spectroscopy measurements with thickness of about 200 lm were obtained by compression moulding in a press at 230°C for 2 min using the pressure of 5 MPa and 2 min at 10 MPa and then cooled down at room temperature with running water.
Characterization techniques
The intrinsic viscosity [g] of the samples was determined at 30°C in the mixture of phenol/1, 1,2,2-tetrachloroethane (60/40 by weight). The polymer solution had a concentration of 0.5 g/dl. The measurement was carried using a capillary Ubbelohde viscometer (type Ic, K = 0.03294).
Hardness measurements were performed on a Shore D apparatus (Karl Frank GmbH, Type 104, Germany) according to a standard DIN 53505 and ISO 868.
Tensile measurements were carried out on Instron 5566 universal tensile testing frame, equipped with a 5 kN Instron load cell, a contact optical long travel extensometer, and the Bluehill 2 software. The measurements were performed at room temperature using a cross-head speed of 100 mm/min and a grip distance of 20 mm. The tensile modulus, stress at 100% strain, yield stress and strain, stress, and elongation at break of the nanocomposites were determined. Five measurements were conducted for each sample, and the results were averaged to obtain a mean value.
Thermo-oxidative and thermal stability of the in situ synthesized PTT-PTMObased nanocomposites containing POSS particles were evaluated by thermogravimetry (TGA 92-16.18 Setaram) using the system measuring simultaneously TG-DSC. Measurements were carried out in an oxidizing atmosphere, i.e., dry, synthetic air (N 2 :O 2 = 80:20 vol%), and in an inert atmosphere (argon). The study was conducted at a heating rate of 10°C/min in the temperature range of 20-700°C. Measurements were conducted in accordance with the PN-EN ISO 11358:2004 standard.
The measurements of the complex dielectric permittivity e Ã x ð Þ ¼ e 0 ðxÞ À e 00 ðxÞ (where x is angular frequency and e 0 represents the permittivity and e 00 the dielectric loss) were conducted using of a Novocontrol broadband dielectric spectrometer in the frequency range from 10 -1 to 10 6 Hz and temperature range from -150 to 100°C. During the measurement, the temperature control was executed by a Quatro System (Novocontrol) using a jet of dry nitrogen, thereby ensuring temperature error of 0.1°C during every single sweep in frequency. Sample films with circular gold electrodes (2 cm in diameter) deposited onto their surface were sandwiched between the two metallic electrodes of the spectrometer.
Results and discussion

Physical properties of nanocomposites
In Table 1 , the characteristic properties of the obtained nanocomposites are summarized. As the content of POSS increases, the nanocomposites have higher values of the limiting viscosity number ([g]) than neat PTT-PTMO block copolymer. Furthermore, all nanocomposites containing more than 0.5 wt% of POSS exhibit slight increase of hardness, which result probably from the changes in the multi-phase structure in the obtained nanocomposites The morphology of the block copolymers, which constitute the matrix in nanocomposites, is consisted of semicrystalline PTT domains dispersed in the soft phase of amorphous, noncrystallisable PTMO [28] . The nanometric structure of segregated rigid and soft segments is mainly responsible for the mechanical properties of these block copolymers. The representative stress-strain curves are presented in Fig. 1 . The values of stress at strain of 100% (r (100%)) ( Table 2 ) increase with the content of POSS particles. The stress at yield (r y ) also increases along with an increase in POSS concentration and achieves the highest value of 13.6 MPa for PTT-PTMO/ 1.0POSS nanocomposite. The values of strain at yield (e y ) are higher in comparison with neat PTT-PTMO, but in this case, the highest value was observed for nanocomposite with 0.3 wt% of POSS particles (improvement of about 30%). In turn, the values of stress at break (r b ) increase initially up to the concentration of 0.5 wt% of POSS and equals 29.9 MPa, and then decrease. In this case, also the highest value was observed for the nanocomposite that contains 0.3 wt% of POSS particles. Since the degrees of crystallinity for the whole series of nanocomposites (Table 1 ) are comparable to one another, and especially to the neat PTT-PTMO, the improvement in the tensile properties is most likely the result of additional physical network nodes that through interfacial interactions between the matrix and POSS [g] intrinsic viscosity, H hardness, T g glass transition temperature of soft phase, T m melting temperature of polyester crystalline phase, x c degree of crystallinity determined by DSC [23] particles accounted for reinforcing agents. Similarly, Zhi et al. [41] in the epoxy/multifunctional POSS nanocomposites and epoxy/ladderlike polyphenylsilsesquioxane blends noticed an improvement in the mechanical properties (better dimensional stability, increase in flexural modulus, and increase in hardness) due to an incorporation of POSS particles. In addition, Verker et al. [42] in polyimide (PI)/ POSS) thin films observed from the typical tensile stress-strain curves a ductile-tobrittle transition, with a maximum elongation and tensile strength at 5 wt% POSS. Whereas, an increase in the POSS content to 10 wt% POSS led to the reduction in toughness compared to PI. Further increase in POSS content up to 15 wt% POSS led to further reduction in toughness, resulting in the lowest tensile strength and elongation at break of 104 MPa and 12%, respectively. The reduction in toughness in PI based nanocomposites containing 10 and 15 wt% of POSS was probably due to the disruption of the polymer molecular structure [43] , which did not occur with the 5 wt% POSS. The increase in the 5 wt% POSS-PI toughness indicated on the interactions between the PI chains and the POSS particles. This interaction could have been associated with either crazing [44, 45] or chemical cross-linking.
Thermal stability
The mass loss and its derivative curves for PTT-PTMO-based nanocomposites containing POSS particles in the air and argon atmosphere are presented in Fig. 2 . The values of the characteristics temperatures, including the temperatures of 5, 10, and 50% mass loss (T 5% , T 10% , and T 50% ) and the temperatures at a maximum mass loss (T DTG ) for neat PTT-PTMO copolymer and PTT-PTMO-based nanocomposites are summarized in Table 3 . Both mechanisms of thermal and thermo-oxidative degradation of copoly(ether-ester) have been already widely discussed in [46, 47] . Decomposition process of copoly(ether-ester) begins with the decay of flexible segment PTMO. Oxygen mainly affects the carbon atom located in the a position relative to the ether oxygen atom in ether [46] . Detailed studies have been performed for PBT-PTMO copolymers; however, for the PTT-PTMO, the mechanism is identical, differing only in the decay fragments. The thermal decomposition process of poly(1,4-tetrakismethylene) (PTMO) chains has a radical nature, and in the initial stage of PTMO chain decomposition, the secretion of tetrahydrofuran (THF) aldehydes and low-boiling and volatile alkenes is observed. At the temperature of 200°C, the thermal oxidation of PTMO segment with releasing volatile substances occurs. The studies on the effect of POSS content on the thermal decomposition of PTT-PTMO nanocomposites proved that in oxidized atmosphere, the thermal degradation process proceeds in two steps and starts at 319°C (with 0.1 wt% of POSS) and at 304°C (with 1.0 wt% of POSS) (Fig. 2a) , whereas in an inert atmosphere proceeds in only one step which starts at 362°C (with 0.1 wt% of POSS) and at 358°C (with 1.0 wt% of POSS) (Fig. 2b) . The values of 5, 10, and 50% of mass loss in an oxidizing atmosphere are lower when POSS particles where added to the polymer system. T 5% , T 10%, and T 50% of PTT-PTMO block copolymer were determined to be at 346, 358, and 398°C, respectively. In the case of PTT-PTMO/POSS composites, the thermal degradation temperatures distinctly decreased with the increasing POSS content. For instance, T 5% of the PTT-PTMO nanocomposite with 0.5 wt% POSS was 336°C, which is 10°C lower than that of PTT-PTMO copolymer. Moreover, PTT-PTMO/POSS nanocomposites exhibited comparable values of T DTG1 to the neat PTT-PTMO. However, at the same time, the addition of POSS particles caused a shift of 10-12°C toward higher temperatures of the value of the maximum of mass loss rate (T DTG2 ). In the second step, the pyrolysis of carbonaceous char takes place at higher temperatures (shift of T DTG2 ) due to the presence of Si-O-Si linkages in char. In turn, in an inert atmosphere, the values of T 5% , T 10% and T 50% , as well as T DTG1 are comparable or only slightly lower than those observed for neat PTT-PTMO. Thermal degradation profiles of PTT-PTMO nanocomposites in the case of an inert atmosphere displayed that thermal stability of the nanocomposites was not affected by the addition of POSS particles content up to 1.0 wt%. Similarly, Wu et al. [48] confirmed that the incorporation of POSS can enhance the thermal stability of the poly(butylene terephthalate) (PBT)/POSS. They suggested that the existence of the POSS did not significantly alter the degradation mechanism of the matrix polymers. Moreover, in nitrogen, the thermal stability of the nanocomposites was improved with the incorporation of POSS cages. However, there was a turning point of decomposition temperature with the increase amount of POSS. When the POSS content was less than 5 wt%, the decomposition temperature of the nanocomposites increased with the increase of POSS content, whereas when the POSS content was more than 5 wt%, the decomposition temperature began to decrease. In turn, Rashid et al. [49] reported that epoxy-POSS composites sustained higher temperatures prior to decomposition and, thus, had a higher decomposition temperature. This was ascribed to the steric hindrance of the polymer chains due to the presence of bulky POSS side groups. In addition, Zheng et al. [50] , who studied the effect of the amount of POSS nanoparticles on the thermal stability of Table 3 Temperatures corresponding to 5, 10, and 50% mass loss, and the temperature at maximum of mass loss rate for the PTT-PTMO/POSS nanocomposites obtained in the air and argon atmosphere polyethylene (PE), confirmed that PE/POSS composites exhibited an improved thermal stability (as suggested by an increase in the onset of decomposition temperature). The increase in the onset of decomposition temperature under nitrogen was attributed to the possible cross-linking between scissioned PE chains and the POSS silicone core. It is also well-mentioning that Huang et al. [51] , who studied POSS/polyimide (PI) nanocomposites noted that the thermal stability of POSS-containing composites depended on POSS-polymer surface interactions, the amount of POSS, and cross-linking. The analysis on the obtained results and the literature review confirms that the addition of POSS particles might improve the thermal stability. However, this improvement is strongly depended on the amount of the nanofillers, the presence of functional groups on its surface, and its distribution throughout the entire volume the polymer matrix. No apparent effect in our case may be due to the low concentration of nanofiller (maximum content of 1 wt%).
Dielectric spectroscopy
One can modify the dielectric properties of the materials by incorporating nanosized fillers, like POSS, into polymeric matrices. Such a modification in dielectric properties of polymer nanocomposites can be ascribed to various factors, i.e., large particle-polymer interfacial area, particle-polymer nanoscopic structure, and change in internal electric field (polarization) due to the presence of nanoparticles [1] . Several studies have already presented the dielectric properties of POSS/ polymer nanocomposites using dielectric spectroscopy (DS) [52] [53] [54] . Dielectric spectroscopy (DS) can be very sensitive method for analyzing the effect of polymer crystallization [55] . Therefore, for the neat PTT-PTMO and PTT-PTMO/1.0POSS nanocomposites, the DS measurement has been performed. In Fig. 3a , b, the dielectric loss versus temperature and frequency were plotted for PTT-PTMO copolymer and PTT-PTMO-based nanocomposites. In the temperature range from -150 to 50°C for neat PTT-PTMO copolymer, one can observe the presence of can be seen between -150 and -80°C, which is related to local ether rotation of soft segments. At higher temperatures, for both samples, we only observe a relaxation (a) corresponding to the glass transition temperature. These results are consistent with DSC measurements. No significant differences are observed between matrix and nanocomposite. Above this temperature, for low frequencies, an increase of the dielectric loss (due to interfacial polarization phenomena) can be seen (r). For the b relaxation, the time corresponding to the maximum of dielectric loss (s max ) values as a function of the inversed temperature for neat PTT-PTMO block copolymer and PTT-PTMO/POSS nanocomposite is presented in Fig. 4 . These samples follow an Arrhenius behavior, and from the slope of the straight line, it is possible to obtain the activation energy (E a ) (1):
E a calculated for b relaxation process in neat block copolymer and POSS nanocomposite are 35.91 and 32.27 kJ/mol, respectively. For the nanocomposite, a slight reduction of E a for the b-relaxation processes was found. Relating to dielectric constant, e 0 , it is worth pointing out that the values observed for the nanocomposite are higher than those corresponding to the matrix (Fig. 5 ). This fact indicates that an increase of the polarization caused by the increment of polymer/nanoadditive interfaces, which would be responsible for the final properties of the material.
In like manner, Raftopoulos et al. [56] studied the series of polyurethanes (PU)/ POSS nanocomposites with broadband dielectric relaxation spectroscopy (DRS). Secondary relaxations remained unaffected by POSS. T g raised by few degrees and, in consistency of that, segmental dynamics slightly slowed down with an increasing content of POSS. In addition, the dielectric strength of the segmental relaxation decreased with increasing content of POSS, suggesting that a fraction of polymer was immobilized, making no contribution to the relaxation. In general, incorporation of POSS into polymeric matrices can alter the mobility of polymers adjacent to particles. Thus, the incorporation of POSS particles can alter T g of the POSScontaining composite material. It can be assumed that larger content of POSS particles would change the glass transition temperature, but in our study, we aimed to improve the thermal stability and mechanical properties at the lowest possible content of POSS. For this reason, neither T g , as measured by DSC (Table 1) , nor the associated a-relaxation (Fig. 5 ) exhibits significant variations. The presence of additional functional groups on the surface of POSS could alter T g of nanocomposites. This was confirmed by Wu et al. [48] , who noticed that POSS macromonomers behaved as joint points for all PBT chains, and thus restricted the free motion of chain segments, leading to the T g enhancement. It was obvious that more POSS cores meant more limitation to the PBT chains, accounting for the T g enhancement with the increase of POSS content. In addition, POSS-polymer surface interactions were found to strongly affect T g [57] . The effect of three different surface functional POSS groups, isobutyl (iBu), cyclopentyl (Cp), and cyclohexyl (Cy), on the linear viscoelastic behavior of PS, revealed that T g was strongly dependent on surface functional groups of POSS particles [57] . One observed that iBu-POSS served as a plasticizer reducing the glass transition, while Cp-POSS increased the glass transition, whereas the PS/Cy-POSS hybrids exhibited intermediate behavior. The variation in T g in the polymer/POSS nanocomposites found to be a net result of several effects that include free volume fraction, steric barrier, as well as the polymer/POSS segment interactions [57] .
Conclusions
In summary, a series of PTT-PTMO-based nanocomposites have been successfully prepared via in situ polymerization with the functionalized POSS. The structure and thermal properties were characterized in detail. TGA indicated that the addition of POSS particles might improve the thermal stability. However, this improvement is Fig. 5 Dependence of e 00 and e 0 with frequency, for PTT-PTMO and PTT-PTMO with 1 wt% POSS, at two temperatures where a (-50°C) and b (-120°C) relaxations are observed strongly depended on the amount of the nanofillers, the presence of functional groups on its surface, and its distribution throughout the entire volume the polymer matrix. No apparent effect in our case was probably be due to the low concentration of nanofiller (maximum content of 1 wt%). In turn, tensile tests confirmed that POSS cages may play the role of the reinforcing agents of PTT-PTMO block copolymer. Whereas, an increase in hardness of PTT-PTMO/POSS nanocomposites in comparison with neat PTT-PTMO might have resulted from the influence of POSS particles on the molecular mobility of polymer chains, which is probably due to the interfacial interactions between functional groups on the surface of POSS particles with the polymer matrix. This was in the agreement with the observations made from the dielectric spectroscopy, where for PTT-PTMO/1%POSS nanocomposite, increase of the e 0 in comparison with neat PTT-PTMO copolymer is observed.
